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Melilotus albus Medic. and Dorycnium herbaceum Vill. (Fabaceae) acetone, ethyl acetate, and
ethanol extracts were investigated for their in vitro antimicrobial, antibiofilm, and anti-
oxidant activity with quantification of phenolic compound contents. In general, D. herba-
ceum extracts showed better antibacterial and antioxidant activity than M. albus extracts.
Bacteria Bacillus subtilis, Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa, and
Proteus mirabilis were the most susceptible with the minimum inhibitory concentrations
(MICs), determined by microdilution method, between 1.25e10 mg/mL. Antifungal activity
was lower with the detectable MICs at 10 mg/mL and 20 mg/mL. The plant extracts, using
the crystal violet assay, inhibit P. aeruginosa biofilm formation in concentration range from
5 mg/mL to 20 mg/mL whereas the effect on mature bacterial biofilm was lower. The
antioxidant activity was evaluated using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radicals
scavenging and reducing power model systems. The intensity of DPPH radicals scavenging
activity, expressed as half maximal effective concentration (EC50) values, was from
84.33 mg/mL to >1000 mg/mL. The extracts demonstrated reduced power in a concentration-
dependent manner, with ethanol extract as the most active. The total phenols, flavonoids,
and proanthocyanidins were determined spectrophotometrically while total extractable
tannins were obtained by precipitation method. The phenolic compounds showed differ-
ences in their total contents depending on solvents polarities and plant species. Although
the plants M. albus and D. herbaceum have not yet been fully explored, these results
contribute better understanding of their biotic properties and potential application as
antimicrobial and antioxidant agents.
Copyright © 2015, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC.
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A large number of aromatic, spicy, medicinal, and other plants
contain chemical compounds exhibiting different biological
and pharmacological activity. These compounds are products
of plant secondary metabolism, and most often represent the
response on negative biotic and abiotic environmental factors.
The main bioactive secondary metabolites are terpenes, phe-
nolics, and alkaloids. Numerous studies were carried out on
biological and pharmacological activity of plants, such as anti-
microbial, antioxidant, antitumor, anti-inflammatory, hypo-
glycemic, etc. [1e5]. However, scientific information on
biological properties of various plants that are less widely used
in culinary and medicine is still rather scarce. Therefore, the
assessment of such properties remains an interesting and
useful task, particularly for finding new sources for natural
antimicrobial and antioxidant agents. Furthermore, there is
growing interest in thedevelopment of “natural” labeled agents
for food,medicine,pharmacy,cosmetic,andotherapplications.
Melilotus albus Medic. and Dorycnium herbaceum Vill. are
plants belonging to the Fabaceae family. They are widely
distributed in Europe and Asia. M. albus is an aromatic, herba-
ceous biennial plant with strong taproot, trifoliate leaves, and
racemes of white flowers. It grows in full sun or partial shade,
calcareous, loamy soils. M. albus is regarded as an important
plant for honey production [6]. D. herbaceum is a perennial her-
baceous plant or small shrub. The hairy leaves are composed of
five segments. The white flowers are organized in terminal
umbels. It prefers semiarid, sunny, and calcareous soils [6].
According to the literature data, biological properties as
well as content and composition of bioactive compounds ofM.
albus and D. herbaceum have been poorly explored. It has been
found that M. albus is rich in coumarins [7], which explains
their use in traditional medicine as an anticoagulant agent
and as ointments for external ulcers [8]. Also, the oleanan-
type triterpene saponins have been isolated from the roots
of M. albus [9]. D. herbaceum has been investigated for anti-
Helicobacter pylori activity [10]. Previous phytochemical study
has been performed for D. herbaceum from Greece [11]. This
investigation led to the isolation and identification of phe-
nylbutanone glucoside, flavonoids, cyanogenic glucoside,
cyclitol, and hydroquinone glucoside.
Considering the fact that biological activities ofM. albus and
D. herbaceum have been insufficiently investigated and their
therapeutic potential has not yet been fully explored, the aims
of this study were to investigate and compare antimicrobial,
antibiofilm, and antioxidant activity of acetone, ethyl acetate,
and ethanol extract of wild-growingM. albus and D. herbaceum
as well as to measure the contents of active compounds: total
phenols, flavonoids, and extractable condensed tannins.2. Methods
2.1. Plant material
The aerial parts ofM. albus and D. herbaceumwere collected on
Mount Goc (Serbia) during the summer of 2010. Identification
and classification of the plant material was performed at theFaculty of Science, University of Kragujevac, Kragujevac,
Serbia. The voucher samples (200964, 200917) were deposited
at the Herbarium of the Department of Biology and Ecology,
Faculty of Science, University of Kragujevac. The collected
plant materials were air-dried in darkness at ambient
temperature.
2.2. Extraction
The dried, ground plant material was extracted bymaceration
with acetone, ethyl acetate, and ethanol. Briefly, 30 g of plant
material was soakedwith 150mL of the solvent for 24 hours at
room temperature. Next, the samplewas filtered through filter
paper. The residue from the filtration was extracted again,
twice, using the same procedure. The filtrates obtained were
combined and then evaporated to dryness using a rotary
evaporator (IKA, Germany) at 40C. The obtained extracts
were stored in sterile sample tubes at 20C.
2.3. Phytochemical analysis of plant extracts
2.3.1. Determination of total phenol content
The total phenol content of the extracts was quantified ac-
cording to the Folin-Ciocalteu's method as described by
Wootton-Beard et al [12]. Gallic acid (Sigma Aldrich, St. Louis,
USA) was used as the standard and the total phenolic content
was expressed as milligram of gallic acid equivalents (GAE)
per gram of extract (mg GAE/g of extract).
2.3.2. Determination of total flavonoid content
The total flavonoid content of the extracts was determined
using the aluminium chloride method as described by
Quettier-Deleu et al [13]. Rutin (Sigma Aldrich, St. Louis, USA)
was used as the standard and the concentrations of flavonoids
were expressed as milligram of rutin equivalents (RUE) per
gram of extract (mg of RUE/g of extract).
2.3.3. Determination of total extractable tannin content
Total extractable tannin (TET) content was estimated indi-
rectly by spectrophotometric measurement of the absorbance
of the solution obtained after the precipitation of the tannins
with polyvinylpolypyrrolidone (PVPP; Sigma Aldrich, St. Louis,
USA) as described byMakkar et al [14]. The TET was expressed
as milligram of gallic acid equivalents (GAE) per gram of
extract (mg GAE/g of extract).
2.3.4. Determination of proanthocyanidin content
The proanthocyanidin content was measured by the butanol-
HCl method with ferric ammonium sulfate as a catalyst as
described by Porter et al [15]. Cyanidin chloride (Sigma
Aldrich, St. Louis, USA) was used as the standard and the
proanthocyanidin content was expressed as milligrams of
cyanidin chloride equivalents (CChE) per gram of extract (mg
CChE/g of extract).
2.4. Determination of antioxidant activity
2.4.1. DPPH radicals scavenging capacity assay
The ability of M. albus and D. herbaceum extracts to scavenge
DPPH free radicals was assessed using the method described
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were from 15.62 mg/mL to 1000 mg/mL. Diluted solutions of
extract (2 mL each) weremixed with 2mL of DPPHmethanolic
solution (40 mg/mL). Ascorbic acid (Sigma Aldrich, St. Louis,
USA) was used as a reference compound. Radical scavenging
activity is expressed as EC50 value. The EC50 value is the
effective concentration at which 50% of DPPH radicals were
scavenged. It was obtained from the nonlinear graph of
scavenging activity (%) versus concentration of samples. Low
EC50 value indicates strong ability of the extract to act as DPPH
scavenger.
2.4.2. Reducing power
The reducing power of the plant extracts was determined
according to the method of Oyaizu [17]. The tested concen-
trations of plant extracts were from 15.62 mg/mL to 1000 mg/
mL. The absorbance of the reaction mixture was measured at
700 nm. Increased absorbance of the reaction mixture indi-
cated increased reducing power. Ascorbic acid was used as a
reference compound.
2.5. Determination of antimicrobial activity
2.5.1. Test microorganisms
Antimicrobial activity was tested against 10 strains of bacteria
(Bacillus subtilis PMFKgB18, Klebsiella pneumoniae PMFKgB13,
Staphylococcus aureus PMFKgB12, S. aureus ATCC 25923,
Enterococcus faecalis PMFKgB11, Pseudomonas aeruginosa
PMFKgB15, P. aeruginosa ATCC 27853, Proteus mirabilis
PMFKgB10, Escherichia coli PMFKgB14, E. coli ATCC 25922), and
five strains of fungi (Candida albicans PMFKgF2, C. albicans
ATCC 10231, Aspergillus niger PMFKgF7, Penicillium italicum
PMFKgF8, Penicillium digitatum PMFKgF9, Penicillium verrucosum
PMFKgF10). All bacterial isolates were a generous gift from the
Institute of Public Health, Kragujevac. The other microorgan-
isms (the fungi and the ATCC strains) were provided from a
collection held by the Microbiology Laboratory, Faculty of
Science, University of Kragujevac. The bacterial strains were
kept in glycerol stock at 80C and the fungal strains paraffin
oil stock at 4C. For experiments, the bacterial strains were
grown on Nutrient agar (Liofilchem, Roseto, Italy) at 37C for
18 hours whereas Potato dextrose agar (Liofilchem, Roseto,
Italy) at 28C for 4 days was used for fungi.
2.5.2. Microdilution method
Antimicrobial activitywas tested by determining theminimum
inhibitoryconcentration (MIC)usingmicrodilutionmethodwith
resazurin [18]. Twofold serial dilutionsof theplant extractswere
made in sterile 96-well microtiter plates containing 0.1 mL of
Mueller-Hinton broth (Liofilchem) per well for bacteria and
0.1 mL of Sabouraud dextrose broth (Liofilchem) per well for
fungi. The tested concentration range was from 0.156mg/mL to
20 mg/mL. The microtiter plates were inoculated with the sus-
pensions to give a final concentration of 5 105 colony forming
units (CFU)/mL for bacteria and 5  103 CFU/mL for fungi. The
growth of the bacteria and the yeasts wasmonitored by adding
resazurin, an indicator of microbial growth. Resazurin is a blue
nonfluorescent dye that becomes pink and fluorescent when
reduced to resorufin by oxidoreductaseswithin viable cells. The
inoculatedmicrotiter plateswere incubated at 37C for 24 hoursfor bacteria, at 28C for 48 hours for yeasts, and at 28C for
72hours formolds.MICwasdefinedas the lowest concentration
of tested plant extracts that prevented resazurin color change
from blue to pink. For molds, MIC values of the tested plant ex-
tracts were determined as the lowest concentration that
inhibited visible mycelia growth.
Cephalexin (Galenika, Belgrade, Serbia) and fluconazole
(Pfizer Inc., New York, USA), dissolved in nutrient liquid me-
dium, were used as reference compounds. Stock solutions of
crude extracts were obtained by dissolving in 10% dime-
thylsulfoxide (DMSO), which was used as a control. Each test
included growth control and sterility control. All tests were
performed in duplicate and MICs were constant.
2.6. Determination of antibiofilm activity
2.6.1. Biofilm production assay
The bacteria chosen for antibiofilm assay were: Pseudomonas
aeruginosa ATCC 27853 and P. aeruginosa (clinical isolate). The
ability of bacteria to in vitro adhere to the abiotic surface was
checked by the crystal violet staining assay [19]. The biofilm
biomass was quantified by measuring the intensity of crystal
violet at optical density (OD)630 nm using a microplate reader.
All tests were performed in triplicate. The cutoff optical den-
sity (ODc) was defined as three standard deviations above the
mean OD of the negative control (culture medium), and bac-
terial strains were classified as nonadherent (OD  ODc),
weakly adherent (ODc < OD  2  ODc), moderately adherent
(2 ODc < OD  4  ODc), or strongly adherent (OD > 4  ODc)
[19].
2.6.2. Effect on biofilm formation
The effect of M. albus and D. herbaceum extracts on biofilm
formation was evaluated as described by Nostro et al [20] with
some modifications. Twofold serial dilutions of the plant ex-
tracts were made in sterile 96-well tissue culture microtitre
plates containing 0.1 mL of MuellereHinton broth per well.
The tested concentration range was from 0.156 mg/mL to
20 mg/mL. In addition, 10 mL of fresh bacterial suspension (1.0
McFarland) was added to each well. Growth control wells
(cells þ broth) and negative controls (only broth) were
included. The inoculated plates were incubated at 37C for
24 hours. After incubation, the biofilm biomass was assayed
using the crystal violet staining assay [14]. Biofilmpositivewas
considered to be those wells of which the OD630 was higher
than the ODc. The results were expressed as biofilm inhibitory
concentration (BIC).
2.6.3. Effect on established biofilms
The biofilms of tested bacterial strains were initially allowed
to develop in sterile 96-well tissue microtiter plates during
24 hours of incubation at 37C. The effects of plant extracts on
established biofilms was assayed using the crystal violet
staining assay as described previously. The tested concen-
tration range was from 0.156 mg/mL to 20 mg/mL.
2.7. Statistical analysis
The experiments, except for antimicrobial activity, were
performed in triplicate. One-way analysis of variance
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using SPSS version 13.0 for Windows (SPSS Inc., Chicago, IL,
USA). Statistically significant difference was defined as
p < 0.05.3. Results
3.1. Phytochemical analysis
The total phenol contents and the contents of various
classes of polyphenols in M. albus and D. herbaceum extracts
are presented in Table 1. The phenolic compounds showed
differences in their total contents depending on solvents
polarities and plant species. D. herbaceum extracts con-
tained higher level of phenolic compounds than M. albus
extracts.
The highest content of total phenolics was found in
ethanol extract of D. herbaceum (75.77 mg GAE/g) followed
by ethyl acetate extract (50.33 mg GAE/g) and acetone
extract (31.34 mg GAE/g). The content of total phenolics in
M. albus extracts was lower; the results varied from
14.80 mg GAE/g (ethanol extract) to 28.80 mg GAE/g (acetone
extract).
It is evident from the analysis that D. herbaceum and M.
albus are rich in flavonoids. The total flavonoid content was
ranged from 110.07mg RUE/g to 231.75mg RUE/g in extracts of
D. herbaceum and from 36.96 mg RUE/g to 132.76 mg RUE/g in
M. albus extracts. Acetone extracts of both plant species con-
tained the highest levels of flavonoids.
The content of condensed tannins was higher in D. herba-
ceum extracts than in M. albus extracts. D. herbaceum ethanol
extract andM. albus ethyl acetate extract had the highest level
of tannins, 65.99 mg GAE/g and 13.89 mg GAE/g, respectively.
The concentrations of proanthocyanidins were up to 5.13 mg
CChE/g. In D. herbaceum ethyl acetate extract, the highest
content of proanthocyanidins was measured. According to
literature data this is the first report of total condensed tannin
contents from these plants.Table 1 e Total phenolic, flavonoid, and tannin contents and D
Plant extracts Total phenolic content
(mg GAE/g)
Total flavonoid
content (mg RUE/g
Dorycnium herbaceum
Acetone 31.34 ± 0.10a 231.75 ± 1.23a
Ethyl acetate 50.33 ± 0.27b 207.61 ± 1.12b
Ethanol 75.77 ± 0.42c 110.07 ± 0.58c
Melilotus albus
Acetone 28.80 ± 0.38a 132.76 ± 0.41a
Ethyl acetate 27.97 ± 0.37a 74.17 ± 0.16b
Ethanol 14.80 ± 0.41b 36.96 ± 0.11c
Ascorbic acid
Data are presented as mean ± standard deviation. Means with different
among the solvents used for both plants separately.
CChE¼ cyanidin chloride equivalents; DPPH¼ 2,2-diphenyl-1-picrylhydra
scavenged; GAE ¼ gallic acid equivalents; n.d. ¼ not detected; PVPP ¼ po3.2. Antioxidant activity
3.2.1. DPPH radical scavenging activity
The DPPH radicals scavenging activity demonstrate the effect
of D. herbaceum and M. albus extracts as antioxidants through
their hydrogen donating ability, which reduces the stable vi-
olet DPPH radical to the yellow DPPH-H. A high percentage of
radical scavenging indicated a strong antioxidant activity in
the tested sample. The extracts showed concentration-
dependent antiradical activity. Furthermore, the extracts of
D. herbaceum were more active than M. albus extracts
(p ¼ 0.000). The EC50 values for tested plant extracts were in
the range from 84.33 to >1000 mg/mL and they were higher
than the EC50 obtained for ascorbic acid (5.23 mg/mL) used as
reference compound (Table 1). The ethanol extract of D. her-
baceum had the lowest EC50 value (84.33 mg/mL) and due to
high phenolic content its high antioxidant activity was
expected.
Whereas the phenolic compounds contribute significantly
to the antioxidant capacity of plants, a linear correlation,
determined by Pearson correlation coefficient (r), between
total phenolic, flavonoid, tannin, and proanthocyanidin con-
tent and DPPH radical scavenging activity was observed
(r ¼ 0.84, 0.65, 0.88, and 0.64, respectively).
3.2.2. Reducing power
The reducing power of plant extracts is related to their elec-
tron transfer ability andmay serve as a significant indicator of
potential antioxidant activity. As shown in Fig. 1, all the ex-
tracts demonstrated reducing power in concentration-
dependant manner. The activity of D. herbaceum extracts
was not significantly higher than that of M. albus extracts
(p ¼ 0.234). The extracts showed activity with absorbance
values from 0.004 to 0.523. For comparison, the absorbance
value for reference compound, ascorbic acid, was 2.943. The
strongest activity was exhibited by the ethanol extract of D.
herbaceum; the extract was two or more times superior in re-
gard to the other tested extracts.
The correlation between phenolic compounds contents
and reducing power showed linear correlation in relation toPPH scavenging activity expressed as EC50 values.
)
Total condensed tannin content EC50 (mg/mL)
PVPP method
(mg GAE/g)
Butanol-HCl method
(mg CChE/g)
29.68 ± 0.83a 0.44 ± 0.14a 255.67 ± 3.05a
26.81 ± 0.03a 5.13 ± 0.46b 550.67 ± 9.02b
65.99 ± 0.85b 4.91 ± 0.04b 84.33 ± 1.15c
9.06 ± 0.72a 2.24 ± 0.32a >1000
13.89 ± 0.05b 1.16 ± 0.27a >1000
6.41 ± 0.40a n.d. >1000
5.23 ± 0.23
letters in the same column indicate significant (p < 0.05) differences
zyl; EC50¼ effective concentration at which 50% of DPPH radicals were
lyvinylpolypyrrolidone; RUE ¼ rutin equivalents.
Fig. 1 e Reducing power of D. herbaceum and M. albus
extracts. AcOH ¼ acetone extract; D. h. ¼ Dorycnium
herbaceum; EtOAc ¼ ethyl acetate extract; EtOH ¼ ethanol
extract; M.a ¼ Melilotus albus.
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(r ¼ 0.84, 0.94, and 0.50, respectively) and no significant cor-
relation in relation to the total flavonoid content (r ¼ 0.08).3.3. Antibacterial and antifungal activity
In vitro antibacterial and antifungal activity of acetone, ethyl
acetate, and ethanol extracts of D. herbaceum andM. albuswas
tested against a panel of microorganisms including human
pathogenic bacteria, yeasts, and molds in order to evaluate
broad-spectrum antimicrobial activity (Tables 2 and 3). It was
observed that 10% DMSO did not inhibit the growth of mi-
croorganisms. The antibacterial activity of D. herbaceum ex-
tracts was statistically significant stronger than activity of M.
albus extracts (p ¼ 0.01), whereas antifungal activities were
similar. In addition, the tested plants exhibit better antibac-
terial then antifungal activity (p ¼ 0.001).
Among the D. herbaceum extracts, no statistically signifi-
cant difference in activity was noticed (p < 0.05). The extracts
acted in the interval from 1.25 mg/mL to >20 mg/mL against
tested bacteria. Themost significant results were obtained for
Bacillus subtilis, S. aureus ATCC 25923, P. aeruginosa, and P.
mirabilis. For these bacteria, the MIC values were between
1.25 mg/mL and 10 mg/mL. Other bacteria showed sensitivity
at approximately the same concentrations (20 mg/mL). The
exception was E. coli, which was nonsusceptible to ethyl ace-
tate extract. In addition, the extracts exhibited low antifungal
activity on tested yeasts and molds species.
With respect to effectiveness ofM. albus extracts, the most
active one was acetone extract, followed by ethyl acetate and
ethanol extract against tested bacteria. The statistically sig-
nificant difference in activity among acetone and ethanolextract was observed (p ¼ 0.018). Action interval of extracts
was from 1.25 mg/mL tо 20 mg/mL. In most of the cases
ethanol extract did not act at tested concentrations. If we take
into consideration a low content of determined phenolic
compounds, a low antibacterial activity of ethanol extract was
expected. B. subtilis, S. aureus ATCC 25923 and P. aeruginosa
ATCC 27853 showed sensitivity according to tested extracts
where B. subtilis and S. aureus ATCC 25923 were the most
sensitive (MIC¼ 1.25mg/mL and 2.5mg/mL, respectively). The
growth of E. coli was not inhibited by the extracts, whereas
Klebsiella pneumoniae, S. aureus and E. faecalis were non-
susceptible to the ethanol and ethyl acetate extract. The
growth of P. aeruginosa, P. mirabilis, and E. coli ATCC 25922 was
not affected by the ethanol extract.M. albus extracts exhibited
low or no antifungal activity on tested yeasts and molds
species. The MIC values were in the range from 10 mg/mL tо
>20 mg/mL.
3.4. Antibiofilm activity
In order to find a natural compound able to inhibit and prevent
bacterial biofilm formation, we tested the effect of the
acetone, ethyl acetate, and ethanol extracts of D. herbaceum
and M. albus on two P. aeruginosa biofilm positive strains. The
examined strainswere proven to createmoderate biofilmwith
OD values of 0.72 and 0.83 in extract free conditions, and with
the presence of extracts, the possibility of adherence was
changed. As presented in Table 4, D. herbaceum and M. albus
extracts demonstrated better inhibitory effects on biofilm
formation than in disturbing the mature biofilm (p ¼ 0.0002).
The effects of the extracts on biofilm formation expressed as
BIC showed that inhibitory concentrations ofM. albus extracts
were 5 mg/mL, whereas for D. herbaceum extracts they were
between 5 mg/mL and 20 mg/mL. The extracts exhibited low
activity on mature P. aeruginosa biofilms (BIC ¼ 20 mg/mL,
>20 mg/mL).4. Discussion
Since the biological activities of D. herbaceum and M. albus
extracts have been insufficiently investigated in the current
study, antioxidant, antimicrobial, and antibiofilm activity
have been analyzed for the first time.
Biological activities of plants including antioxidant and
antimicrobial properties could be attributed to different clas-
ses of phenolic compounds [21,22] and therefore phyto-
chemical analysis of the tested plant extracts was done. The
results indicated that D. herbaceum extracts contained higher
level of phenolic compounds than M. albus extracts. In addi-
tion, the quantitative estimation showed that the tested ex-
tracts, in contrast to tannin content, are rich in total phenols
and total flavonoids. Furthermore, the plants are a significant
source of flavonoids. Kazantzoglou et al [11] also analyzed the
chemical constituents of the aerial parts of D. herbaceum from
Greece and the five flavonoids were isolated: myricitrin,
quercitrin, kaempferol 3-O-b-glucopyranoside, kaempferol 3-
O-(600-acetyl)-b-glucopyranoside, (þ)-dihydromyricetin. More-
over, a new compound, dorycnioside [4-(40-O-b-d-glucopyr-
anosyl-30, 50-dimethoxyphenyl)-2-butanone] was isolated and
Table 2 e Antibacterial activity of Dorycnium herbaceum and Melilotus albus extracts.
Species Dorycnium herbaceum Melilotus albus S (mg/mL)
Acetone Ethyl acetate Ethanol Acetone Ethyl acetate Ethanol
MIC (mg/mL)
Bacillus subtilis 1.25 1.25 5 1.25 2.5 2.5 12.5
Klebsiella pneumoniae 20 20 10 10 >20 >20 500
Staphylococcus aureus 20 20 20 10 >20 >20 1.56
Enterococcus faecalis 20 20 20 10 >20 >20 3.12
Pseudomonas aeruginosa 5 10 10 10 20 >20 >1000
Proteus mirabilis 5 10 5 10 20 >20 >1000
Escherichia coli 20 >20 20 >20 >20 >20 1.56
E. colia 10 20 20 10 20 >20 6.25
S. aureusb 1.25 1.25 2.5 1.25 2.5 2.5 6.25
P. aeruginosac 10 20 10 10 20 20 >1000
MIC ¼ minimum inhibitory concentration; S ¼ standard (cephalexin).
a E. coli ATCC 25922.
b S. aureus ATCC 25923.
c P. aeruginosa ATCC 27853.
Table 3 e Antifungal activity of Dorycnium herbaceum and Melilotus albus extracts.
Species Dorycnium herbaceum Melilotus albus Fluconazole
(mg/mL)Acetone Ethyl acetate Ethanol Acetone Ethyl acetate Ethanol
MIC (mg/mL)
Candida albicans >20 >20 >20 20 >20 >20 62.5
C. albicansa 20 20 20 >20 >20 20 31.25
Aspergillus niger >20 >20 >20 20 20 20 500
Penicillium italicum >20 20 20 10 10 20 31.25
Penicillium digitatum >20 20 20 10 10 20 31.25
MIC ¼ minimum inhibitory concentration.
a C. albicans ATCC 1023.
j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 3 ( 2 0 1 5 ) 4 1 7e4 2 4422identified as well as two known phenylbutanone glucosides
[()-catechin, b-sitosterol], one cyanogenic glucoside (lotaus-
tralin), one cyclitol (d-pinitol), and one hydroquinone gluco-
side (tachioside). According to literature data the
phytochemical analysis of M. albus extracts was scarce, and
this is the first report of phenolic compound contents.Table 4 e Antibiofilm activity of Dorycnium herbaceum and Mel
Plant extract Effect on biofilm formation
Pseudomonas aeruginosa P. a
ATC
D. herbaceum
Acetone 10
Ethyl acetate 20
Ethanol 10
M. albus
Acetone 5
Ethyl acetate 5
Ethanol 5
BIC ¼ biofilm inhibitory concentration.4.1. Antioxidant activity
It has been reported that phenolic compounds possess the
ideal chemistry for antioxidant activity because they have
high reactivity as hydrogen or electron donors and also they
are capable of chelatingmetal ions. In addition, the synergismilotus albus extracts.
Effect on established biofilm
BIC (mg/mL)
eruginosa
C 27853
P. aeruginosa P. aeruginosa
ATCC 27853
5 >20 20
5 20 5
10 >20 20
5 >20 >20
5 20 >20
5 20 5
j o u r n a l o f f o o d and d ru g an a l y s i s 2 3 ( 2 0 1 5 ) 4 1 7e4 2 4 423between the individual phenolic compounds in the mixture
makes the antioxidant activity not only dependant on the
concentration, but also on the structure and the interaction
between the compounds [23]. The antioxidant activity could
be evaluated using different methods, among which total
antioxidant activity, reducing power, DPPH assay, and metal
chelating assay are most commonly used for testing of anti-
oxidant activities of plant extracts [24]. In this study, the free
radicals scavenging ability and the reducing capacity of
different D. herbaceum andM. albus extracts were determined.
The antioxidant activity increased in a concentration-
dependent manner. The ethanol extract of D. herbaceum was
themost active, and the activity was several times higher than
the other tested extracts. It is suggested that the phenolic
compoundsmay contribute directly to the antioxidant activity
due to their hydroxyl groups [25]. In this study, a positive
relationship between the contents of phenolic compounds
and antioxidant activity of the tested extracts was found. The
results obtained are in good agreement with the literature
data where the authors confirmed correlation between anti-
oxidant activity and content of phenolic compounds [25e27].
4.2. Antibacterial and antifungal activity
Ten bacterial species and five fungal species were used to
screen the possible antimicrobial activity of D. herbaceum and
M. albus extracts. The intensity of antimicrobial activity varied
depending on: (1) plant species, (2) the type of plant extract,
and (3) the species of microorganisms. It was observed that
tested plants exhibited better antibacterial than antifungal
activity and antibacterial activity of D. herbaceum extracts was
higher. Among the tested extracts, ethanol extracts exhibited
lower or equal antimicrobial activity in relation to other tested
extracts. The noticeable results were that the extracts
inhibited the growth of gram-negative bacteria and fungi at
the highest tested concentrations. This lack of activity against
tested microorganisms, in case of M. albus extracts, also, has
been observed by the other research groups. Acimovic-
Djokovic et al [28] tested antibacterial activity of petrol ether
and ethyl acetate extract of Melilotus officinale, Melilotus albus,
and Melitis melissophyllum, using disk-diffusion method, in
relation to E. coli, P. mirabilis, Salmonella enteritidis, P. aeruginosa,
Streptococcus-haemoliticus A, S. aureus, and Candida albicans. M.
albus extracts were less efficient than other tested plants.
Karakas‚ et al [29] also noticed low antibacterial activity of M.
albus water, ethanol, and methanol extract originate from
Turkey. By contrast, the extracts exhibited good or moderate
activity against gram-positive bacteria. The effect of D. her-
baceum extracts on medicinal important human pathogenic
bacteria was presented for the first time in this study. Previ-
ously, a group of scientists tested anti-Helicobacter pilory effect
of medicinal plants of Greek traditional medicine, among
which was D. herbaceum, but it was not active [10].
4.3. Antibiofilm activity
The bacteria have the ability to form biofilms. Biofilms are
defined as a surface attached community of bacteria
embedded in an organic polymer matrix of bacterial origin.
They are involved in major problems associated with the foodindustry, medicine, and everyday life. The risk becomes even
more serious because bacteria within biofilms have been
shown to have a decreased susceptibility to antimicrobial
agents compared with those in the planktonic form [30]. In
this study, for the first time, the antibiofilm activity of D. her-
baceum and M. albus extracts on two P. aeruginosa biofilm
positive strains was investigated. Tested extracts showed
better efficacy in preventing of biofilm formation than in dis-
turbing the mature biofilm. Moreover, P. aeruginosa within
mature biofilms showed lower susceptible than that in
planktonic growth approving the findings that bacteria in
biofilm are more resistant to antimicrobial agents than free-
living cells. The success of plant extracts in inhibiting bacte-
rial biofilm formation has been documented [31e33]. This
could be a promising tool for reducing microbial colonization
of surfaces and epithelial mucosa which subsequently leads
to infections; therefore, it is interesting to carry out in-
vestigations on both sessile and planktonic cells to ensure
that plant extracts possess a broader inhibitory activity.5. Conclusion
In vitro antimicrobial, antibiofilm, and antioxidant activity of
acetone, ethyl acetate, and ethanol extracts of M. albus and D.
herbaceum with quantification of the total phenols, flavonoids,
and tannins were determined. The plants possessed marked
antibacterial activity against B. subtilis, S. aureus ATCC 25923, P.
Aeruginosa, and P. mirabilis. Moreover, the extracts were able to
inhibit and prevent P. aeruginosa biofilm formation. Further-
more, the extractswere rich in phenolic compounds and all the
extracts were found to possess DPPH radicals scavenging ac-
tivity and reducing power. Great potential as antioxidant agent
was shown by D. herbaceum ethanol extract. Antioxidant activ-
ity correlated well with the content of phenolic compounds,
whichsuggestsanimportant roleof thesecompoundsinoverall
antioxidant activity of investigated plants. Biological and
pharmacological potential ofM. albus and D. herbaceum has not
yet been fully explored so the results obtained contribute to a
better understanding of their biotic properties and potential
application as antimicrobial and antioxidant agents.Conflicts of interest
The authors declare that they have no competing interests.
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